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MAMMALIAN) EXPRESSION OF THE BMP-2 FAMiLY 
FiQld nf i|h f Invention ! 

T*>is invention relates to an improved methoo for expressing UNA encoding ihe bone 
morphopenetic protein-2 family in mammalian cells. 
Description of Related Am ' 

t i 

The disorder, sssociated with bonf loss present major public health problems for 
Western societies. Osteoporosis alone ma j effect 20 million Americans in the early years of 
the next contury. Hence, there is wide interest in identifying factors or potential therapeutic 
agents that inhibit bone loss and stimulate 'the formation of healthy new bone. 

Bone is an extremely complex, bill highly organized, connective tissue that is 
continuously remodeled during the life of ! an adult by cellular events that initially break it 
down (osteoclastic resorption! and then rebuild it (osteoblastic format.on). This remodeling 
process loccurs in discrete packets throughout the skeleton. I.e.. in both cortical bone and 
trabecular bone. It has recently been reported that mouse bone marrow cells can be 
stimulated to generate osteoclasts in the presence of parathyroid hormone-related protein or 
vitamin -D. See Akatsu et al.. Encfrcrirjolorjy, I2§ ; 20-27 C989); Takahashi et al., 
Endocrinology 121- 2600-2602 (1988) ajtd Takahashi et al.. Enflocrinnlnnv i^; 15 04- 

1510 f 1 p88». 

' i 
THe currently available therapeutic agents known to stimulate bone formation are 

fluoride, estrogen, metabolites, and vitami'h 0. Fluoride dearly increases trabecular bone 
mass, but questions remain about the quality 0 f the new bone lormed. the side effects 
observed in some patients, whether there are beneficial effects on vertobral fracture rates, 
and whether increased fragility of cortical pone with subsequent propensity to hip fracture 
follows. : : 

i 

Another approach is using agents thfc promote resorption (parathyro.d hormone) and 
then interrupt resorption (calcitonin). Onj proposed, but not validated, such sequential 
therapeutic regimen is coherence therapy, where bone metaboKc units are activated by oral 
Phosphate sdministration and then resorption is inhibited by either diphosphonates or 
calcitonin. j 

Wrihln the past few years several j factors that stimulate osteoblasts have been 
identified; in bone, including transforming growth factory (TOF-fl. fibroblast growth factor, 
platalet-tferived growth factor, insulin-lite growth factor-l, and 02 macroglobulin 

Other proteins stored in the bone matrix may also be Important lor bone formation. 
When dehinerahted bone was injected .mrj the muscle or subcutaneous tissue of rats, a 
cascade of events, including chondrogenealls. ensued. Ur.st. Science . 150 : 893 (1965). 
Sinco the'1 B60s several investigators have attempted to identify and characterize .his act.v.ty 
and haveiprovided an assay for purification j>f such activity. Raddi and Huggins. ?r 0C . Hail, 



1992-02-21 10: 12 Derwent Publications Ltd. 
WO 91/18047 



071 405 3630 P. 05 

PCT/ US 9 1/03540 



Ac^. ggi USA, gg: 16010605 (1972): Sampath and Reddi, Froc. Natl. Acad. Sci. USA . 7jj: 
7599-7603 (1981). 

This* assay served as the basis for purifying several novel proteins irom bone in 
sufficient quantity and purity to provide imino acid sequence information, including 
5 osteogenin- « protein of 22 Kd ISampath et alj Proc. Natl. Acad. Sci. USA . §4: 7109 (1 987J; 
Luyten et a)., J, Biol. Chem,, 2fii: 1337**13380 (1989)] and a glycoprotein called 
osteoinductive factor fBantz et al., J. Cell. BldV . jQ7: 162a (1989i). See also Wang et al. ( 
PfyC, NflK. ACPfl. Sci., fig: 9484-9488 0 9881*. eased on amino acid sequence data, clones 
encoding several proteins related by sequence' similarity to TGF-0 were isolated from bovine 
10 and human-sources. Wornev et a;.. &iflUCje_. 2^1' 1528-1534 (1988); PCT WO 88/00205 
published January 14, 1988; U.S. 4.877,864 ifesued October 31, 1989. These latter proteins 
included BMP-2A (also known as BMP-2L BMP-2B (also known as BMP-4), and 8MP-3. Tho 
sequence of trypt«c peptides from osteogenin match the sequence reported for BMP»3. 

The TGF-/? supergene family includes five distinct forms of TGF-/? ISporn and Roberts. 
15 in P - fiPtide Growth Factors and Their RergfMftffi Sporn and Roberts, eds. (Springer-Verlag: 
Berlin, 1996) pp. 419-472), as well as the differentiation facrors vgl (Weeks and Melton. 
Ceil, £1: 861*867 0987)] and DPP-C polypeptide (Padgett et al.. Nature . 32£ : 81-84 
(1987)], the hormones activin and inhibin f^ason et al., Nature . 318 : 659-663 (1985); 
Mason et al; f Growth Factors, 1: 77-88 (1 987))* the MulJorian-inhibiting substance, MIS ICate 
20 et al.. Cafi, ifi; 686-698 (1986H. the BMPs, an^ the developmental^ regulated protein Vgr-1 
(Lyons et al;, Prpc. Natl Acad. Sci. USA 86: 4&54-4558 (1989)) The subset BMP-2A and 
BMP-2B is approximately 75% homologous iri sequence to DPP-C and may represent the 
mammalian "equivalent of that protein. 

The proteins of the TGF-/? supergene family are disulfide-linked homo- or heterodimers 
25 encoded by 'larger precursor polypeptide chain's containing a hydrophobic signal sequence, 
s long and relatively poorly conserved N-tarmirjal pro region of several hundred amino acids, 
a cleavage site (usually polybasici, and a shgfter and more highly conserved C-terminal 
region. Thla C-terminal region corresponds to : the processed mature protein and contains 
approximately 100 amino ecids with a characteristic cysteine motif, i.e., the conservation of 
30 seven of the^nine cysteine residues of TQf-ff arWong all known family members. Although the 
position of the cleavage site between the mature and pro regions varies among the family 
members, the C-terminus of all of the protelrls Is in the identical position, ending in the 
sequence Cvs-X-Cys-X, but differing in every case from the TGF-/? consensus C-term.nus of 
Cys-Lys-Cys*Ser. Sporn and Roberts, 1990. sijpra. 
35 Tha pT0 f °0 ion of T GF-/? associates nrjrvcovaJently with the mature 1GF-0 dimer 

(Wakefield et al.. J. BIpl. Chem,, 2£3: 7646-7664 (19881: Wakefield et al.. Growth Factor. 
I: 203-218 II 989) J. and the pro regions are fpund to be necessary for proper folding and 
secretion of the active mature dimcrs of both f GFtf and activin [Gray and Mason, Science. 
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2J7: 1328-1330 (1990)1. Tne association between the mature and pro regions of TGF-,3 
m«k S tho biological act.vity of the mature dimer. resulting in formation of an inactive latent 
form. Latency is not a constant of the IGF -ft supergene family, since the presence of the pro 
region he* no effect on activln or inhibin biological activity. 

A unifying foatore of the biology of the proteins from the lGt-(S supergene famiiy is 
their ability to r e g u | a ,e developmental procasses. Regarding bone format.on in vivo, of all the 
proteins In the TGF-/7 supergene family, in? BMPs and TGF-/? play the most major role. 

Recombinant TGF-01 has been cloned (Derynck et al.. Nature. 3_L£: 701-705 (1985)) 
and expressed in Chinese hamster ovary cjlls [Gentry et al., Mol. Cell. Biol. . 7: 3418-3427 
11987)]. Additionally, recombinant human TGF-02 IdeMartin et ai.. EM BO J. . £: 3673 
(19871). as well as human and porcine TGF-03 {Derynck et al.. EMBO J. .?: 3737.3743 
(19881; ten Dijke et al., Proc. Na T l. Acad pr> ,»1SA, 8§: 4715 (19881). have been cloned. 
Expression levels of the mature TGF-/n protein m COS cells are increased by substituting a 
serine residue lor cysteine rescues located in the pro region of the TGF-/?1 precursor. 
15 Brunner et al., J. Biol ThPm £§4: 13660^13664 (19891). 

BMP-2A and BMP-3 have been recombinant^ produced in monkey COS-1 cells and 
Chinese hamster ovary cells by Wozney et al.. supra. However, the level of expression of 
BMP-2A end -26 cONA Is relatively low when the DNA is not amplified. Higher levels of 
BMP-2A protein expression in CHO cells have been obtained by amplif.cat.on ,0 a high copy 
number using methotrexate selection of dihydrofolate reductase. Wang 81 al., Proc. Natl 
Acad, firj USA £7: 2220-2224 (1990). 

Confirmation of the osteogen* sctivfty of BMPs and commercial production thereof 
depend on the ability to produce useful smogMs of active material by recombinant means of 
expression and development of methods iq purify them in an active form. The ability to 
successfully reconstitute endochondral bone formation remains the standard by which to 
judge the osteogenic character of candidate factors. The biological activities of BMP-2A, 
6MP-3. and an unrelated molecule. BMP- 1 , we re originally assessed in an implant model usin fl 
material expressed ,n COS cells, resulting ,n only cartilage formation Wozney et al.. supra. 
More recently, the partially purified BMP-2A expressed in CHO cells was shown to require a 
dose of at least 600 ng/implant to .nduce cartilage and bone formation. Wang et al.. 1 990. 
supra. The osteogenic activities of BMP-2B.and BMP-3 have not been established. 

It is an object of the present invention to provide purified BMP-2B in sufficient 
quantities to test for its osteogenic activity, and to produce it on a commercial scale. 

It is another object to improve the expression levels of BMP-2 DNA in mammalian cells 
35 without amplifying tho DNA. 

It is still another object 10 achieve Higher production of BMP-2 protein than was 
previously attained at a level of amolification equivalent to that prev.ously employed. 
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These and other objects will be apparent to those of ordinary skill in the art of 
molecular biology 

Summary of |he Invention 
Accordingly, this invention provides a. DNA construct comprising DNA encoding a 
5 mature BMP-2 upstream of which is DNA encoding a precursor portion of a mammalian 
protein other than that of BMP-2. Preferably, the precursor portion has at least 26% amino 
acid sequence identity to the native precursor portion of the BMP-2 in the region spanning 
the N'terminus of the BMP-2 precursor to the first cysteine residue in the mature BMP-2. 
In another aspect, this invention provides an expression vector comprising the above- 
10 described DNA construct end hosts transformed with such a vector 

In a method for expressing DNA encoding a BMP-2 in mammalian cells, this invention 
also furnishes the improvement which comprises employing as the host the host transformed 
with the vector described above. 

Additionally, this invention provides a method for producing BMP-2 by cuituring 
1 5 mammalian host cells uansfected with the expression vector described above, the cells being 
capable of expressing the ONA construct of the vector, and recovering mature BMP-2 from 
the cells. Preferably, the recovery is from the host cell media (in which case the expression 
vector contains a signal sequence, whether native to the precursor or BMP-2 or heterologous 
to the precursor or BMP-2, that directs secretion of the mature BMP-2 to the medium). 
20 The result of this method is dramatically improved expression levels of BMP-2 DNA in 

mammalian cells over that attainable using the BMP-2 precursor portion that is native to tho 
BMP-2 to be produced. 

Brief Descriotionj of the Drawings 
Figure 1 depicts the amino acid sequences of BMP-2A and BMP-2B and indicates the 
25 regions of sequence identity. The junction' between the precursor portions and mature 
portions is shown by a vertical line with two jarms. 

Figure 2 depicts the complete amino acid sequence of the chimera of the precursor 
portion of BMP-2A and the mature region of BMP-2B. 

Figure 3 A depicts expression plasmid pRK5.bmp2/4-l . 1 , and Figure 3B depicts the 
30 junction region of the BMP-2A/2B hybrid insert A portion of an alignment of BMP-2A end 
BMP-2B is shown with identical residues boxfcd. The coding sequence resulting from fusion 
of BMP-2A and BMP-2B is shaded showing the crossover point. The underlined sequence 
with an arrow indicates sequence confirmed by Edman degradation of purified recombinant 
BMP-2B. 

35 Figure 4 depicts a fluorogram of an $DS«PAGC reducing gel of supernatants from 

human embryonic kidney cell line uansfeciions with DNA encoding either the native BMP-2A 
molecule (lane 1|. the chimeric BMP- 2A/2B molecule {lane 2i, the native BMT-2B molecule 
(lane 31. control pRKD plasmid 'lane 4 1, or no plasmid (lane 5). Ftguro 5 depicts graphs 
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expressed in frog oocytes, shares 25% homology with the relevani po/iiou of BMP-2B. The 
protein decapenta-plegic gene complex from ftrosorjhila , DPPC IPadgett et at., Nature , 325 : 
61-84 (1 9871). shares 27% and 28% <wiing acid sequence identity with the relevant portions 
of 0MP-2A and BMP-2B. respectively. Most preferred herein is the use Of the BMP-2A 
5 prepro-domoin as the precursor portion for secreting mature BMP-2B. 
Modes for Carry ing Out the Invention 

The vectors and methods disclosed herein are suitable for use for expression in a wide 
range of mammalian host cell lines. 

In general, prokaryotes such as, e.g., E> coli strains are preferred for cloning. 

10 amplifyino, or storing the vectors of interest. Vector DNA is easily obtainable from certain 
prokaryotes. £ co//"Kl2 strain MM 294 (ATCC No. 31 .4401 is particularly useful for this 
purpose, as are E. cotiB and £. cot/ XI 776 (ATCC No. 31,537). in general, plasmid 
vectors containing replicon and control sequences that are derived from species compatible 
with the host cell are used in connection with these prokaryotic hosts. The vector ordinarily 

15 carries a replication site, as well as marking sequences that are capable of providing 
phenotypic selection in transformed cells. Tor example. coh is typically transformed using 
pBR322, a plasmid derived from an f. co// species (see. e.g., Bolivar et al.. Gene, g. 95 
(1 977)]. pGR322 contains genes for ampiciliin and tetracycline resistance and thus provides 
easy means for identifying transformed ceils. The pBR322 plasmid, or oihei microbial plasmid 

20 or phage, must also contain, or be modified \o contain, promoters that can be used by the 
microbial organism for expression of the selectable marker genes. 

Cultures of colls derived from mammalian organisms are useful as expression hosts 
using tissue culture methods I Tissue Culture . Academic Press. Kruse and Patterson, editors 
(1 973)1. Examples of such useful host cell tines include monkey kidney CVI line transformed 

25 by SV40 sequences (COS-7, ATCC CRL 16511; human embryonic kidney fine 1293. Graham 
et al., J. Qen. Virol. . 36: 59 (1977)); baby hamster kidney cells (3HK, ATCC CCL 10); 
Chinese hamster ovary cells ICHO. Urlaub and Chasin, Proc. Natl, Acad. Sci. USA . 77 . 42 1 6 
(1980)1; mouse Sertoli cells |TM4. Mather, fool, fieprpfl ., 23: 243-251 (19801); monkey 
krdney cells (CVI, ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL- 

30 1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK. 
ATCC CCL 34); buffalo rat liver cells (BRL 3 A, ATCC CRL 1442}; human lung cells (W138, 
ATCC CCL 75); human liver cells (Hep G2. KB 8065); mouse mammary tumor cells IMMT 
060562. ATCC CCL51); rat hepatoma cells IHTC. Ml. 54, Baumann et ai„ J. Cell. Biol. , 
1-8 (1980U; and TRl celts (Mather ct al.. Annals NY. Acad. Sci, . 383 : 44-68 09821]. The 

35 most preferred mammalian hosts herein are CHO and 293 cell lines. 

Expression vectors for such cells ordinarily will contain control regions, which ate 
specific sequences at the 5' and 3' ends of fcukaryotic genes thai may be involved in the 
control of cither transcription. RNA processing, or translation. At the 3' end of most 



1992-02-21 10:16 Derwent Publications Ltd. 
WO 91/18047 



071 405 3630 P. 10 

PCT/ US9 1/03540 



-7- 

eukarvotic genes is an AATAAA sequence that signals processing of U«e mRNA for 
polysdcnylation addition. 

Thus, the vector will typically include a promoter located in front of the gone to be 
expressed, polyadenyletion sites, and transcriptional terminator sequences, all described in 
b further detail herein. The vector may optionally also include an origin of replication, farther, 
the vector mav contain, after the promoter, a transcription initiation site located in front of 
an optional splice unit, which is in turn located before the encoding gene. 

Examples of suitable mammalian expression vectors are found in EP 307.247: 
260,148; 309.237; and 307,248. 
10 For use in mammalian cells, the control functions on the expression vectors are often 

provided by viral material. For example, commonly used promoters are derived from the 
genomes ot polyoma, Adenovirus2, retroviruses, cytomegalovirus, and Simian Virus 40 
(SV40). Other promoters are those from heterologous sources, e.g., the beta actin promoter. 
The early and late promoters of SV40 virue ere particularly useful because both are obtained 
1 5 easily from the virus as a fragment that also contains the SV40 viral origin of replication IFiors 
et al., Nature , 273 : 113 (1978)1. Smaller or larger SV40 fragments may also be used, 
provided there is included the approximately 250-bp sequence extending from the Hindlll site 
toward the fipji site located in the viral origin of replication. The immediate early promoter 
of the human cytomegalovirus is conveniently obtained as a HiQdlll restriction fragment. 
20 Greenaway et al., Gene . ]_&: 355-360 (1 982). Further, it is also possible, and often desirable, 
to utilize promoter or control sequences normally associated with the desired gene sequence, 
provided such control sequences arc compatible with the host cell systems. 

Transcription of a DNA encoding a desired heterologous polypeptide by higher 
eukaryotes is increased by inserting an enhancer sequence into the vector. The enhancer is 
25 a cis-acting element of DNA. usually about from 10 to 300 bp, that acts on a promoter to 
enhance its transcription-initiation activity. Enhancers are relatively orientation and position 
independent, having been found 5' [Laimins et al., Froc. Natl. Aca^. §ci. USA, ZS' 993 
119811] and 3' [Lusky et al., Mol. Cell Bio, . 2^ "08 <1983)1 to the transcription unit, within 
an intron IBanerji et al., ££||, 33: 729 (1B63H as well as within the coding sequence itself 
30 lOsborne et al., Mol. Cell Bio. . 4: 1 293 (1 984)). Preferably, however, the enhancer element 
is located upstream of the promoter sequence for this invention. Many enhancer sequences 
are now known from mammalian genes iglobin, elasiase, albumin, o-fetoprotein. and insulinl. 
Typically, however, one will use an enhancer from a eukaryotic cell virus. Examples include 
the SV40 enhancer on the late sid* of the replication origin (bp 100*270), the 
3b cytomegalovirus eany promoter enhancer, the polyoma enhancer on the late side of the 
replication origin, and adenovtrus enhancers. One preferred enhancer js the SV40 enhancer 
region. 
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Expression vectors used in mammalian host cells will also contain polyedenylation sites, 
txamples of polyadenylation regions are those derived from viruses such as. e.g., the SV40 
(early and late) or HBV. 

An origin of replication may be provided either by construction of the vector to include 
5 an otogenous origin, such as may be derived from SV40 or other viral {e g., Polyoma, Adeno, 
VSV, BPV| source, or may be provided by the host cell. If the vector is integrated into the 
host cell chromosome, the latter is often sufficient. 

The expression vectors may suitably contain a selection gene, also termed a selectable 
marker. A selection gene encodes a protein, necessary for the survival or growth of a host 
10 cell transformed with the vector. Examples of suitable selectable markers for mammalian 
colls include dihydrofolste reductase (DHFR), thymidine kinase (TK), or neomycin. When such 
selectable markers are successfully transferred into a mammalian host cell, the transformed 
mammalian host cell can survive if placed under selective pressure. 

There are two widely used distinct categories of selective regimes. The first category 
1 5 is based on the metabolism of a cell and the use of a mutant cell line that lacks the ability to 
grow independent of a supplemented medium. Two examples are CHO DHFR'cells and mouse 
LTK' cells. These ceils lack the ability to grow without the addition of such nutrients as 
thymidine or hypoxanthine. Because these ceHs lack certain genes necessary lor a complete 
nucleotide synthesis pathway, they cannot survive unless the missing nucleotides are 
20 provided in a Supplemented medium. An alternative to supplementing the medium is to 
introduce an intact DHFR or TK gene into cells lacking the respective genes, thus altering their 
growth requirements Individual cells that were not transformed with the DHFR or TK gene 
will not be capable of survival in non-supplemented medium. Therefore, direct selection of 
those cells requires cell growth in the absence of supplemental nutrients. 
25 The second category is dominant selection, which refers to a selection scheme that 

does not require the use of a mutant cell line. This method typically employs a drug to arrest 
growth of a host cell. Those ceils that have a, novel gene would express a protein conveying 
drufl resistance and would survive the selection. Examples of drugs used in dominant 
selection include neomycin (Southern and Berg, J. Molec. Aopl. Genet. , i: 327 (1982)], 
30 mycophenolic acid [Mulligan and Berg, Science , 209 : 1422 (19801), orhygromycin ISugden 
et al., Mot. Cell. Bioj. . 5: 410-413 (1 985)1. The three examples given above employ bacterial 
genes under eukaryotic control to convey resistance to the appropriate drug, i.e., neomycin 
(G418 or geneticinl, xgpt (mycophenolic acidl, or hygromycin, respectively. 

Extremely good amounts of polypeptide are produced by transiently transfected ceil 
35 cultures using the method of this invention, it is also expected that stable transformants 
would result in higher production levels of the BMP-2 than transformants with the native 
proBMP-2 sequence Furthermore, the process herein is expected to enhance production 
levels further when the cells are couansfected with a separate vector encoding a secondary 
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ooding sequence. One secondary coding sequance comorises d.hydrololste reductase (DHFRt 
that is affected by an externally controlled parameter, such as methotrexate (MTX), thus 
permitting control of expression by control of the MTX concentration. 
Typical Methodology Employable 
5 Construction of suitable vectors containing the desired coding and control sequences 

employs standard recombinant techniques. Isolated plasmids or DNA fragments are cleaved, 
tailored, and re-ligated to form the dosired pUsmid. 

If flush ends are required, the cleaved DNA preparation may be treated for 30 minutes 
at 37'C with DNA Polymerase I (Klenowfragmentl orT4 DNA polymerase, phenol-chloroform 
10 extracted, and ethanol precipitated. 3* protruding ends are removed by the 3' to 5' 
exonucleolytic activity of either enzyme, and the 5' protruding ends ere made flush by the 
5' to 3* polymerase activity incorporating complementary nucleotide until the end of the 
fragment is reached. 

Si« separation of the cleaved fragments may be performed using 6 percent 
1 b polyacrylamide gel described by Goeddel et Nucleic Acids Raa,, fi; 4057 O980). 

for analysis to confirm correct sequences in plasmids constructed, the lioation mixtures 
are typically used to transform e. coli Kl 2 strain 294 (ATCC 31.446} or other suitable £. con- 
strains, and successful transforms selected by ampicillin or tetracycline resistance where 
appropriate. Plasmids from the uansformants are prepared and analyzed by restriction 
20 mapping and/or DNA sequencing by the method of Messing et ai., Nucleic , AciflsReg. , 2= 309 
(1981) or by the method of Maxam et al.. Maifcb Emym. ££: 499 (19801. 

If amplification of the sequences is desired. DHFR-protein-coding DNA sequences are 
introduced into the mammalian cell host and stable uansfeetants are selected in the medium. 
The host cell cultures are grown In the presence of approximately 200-600 nM 
20 concentrations of methotrexate, a competitive inhibitor of DHFR activity. The effective range 
of concentration is highly dependent, of course, upon the nature of the DHFR gene and the 
characteristics of the host. Clearly, generally defined upper and lower limits cannot be 
ascertained. Suitable concentrations of other folic acid analogs or other compounds that 
inhibit DHFR could also be used. MTX itself is, however, convenient, roadily available, and 
30 effective. 

In order to simplify the examples and claims, certain frequently occurring methods wilt 
be referenced by shorthand phrases. 

"Transfection" refers to the tak.ng up of an expression vector by a host coll whether 
or not any coding sequences are in fact expressed. Numerous methods of transtection are 
3b known to the ordinarily skilled artisan, for example. CaPO, and electroporation. Successful 
transfection is generally recognized when any indication of the operation of this vector occurs 
withm the host cell. 
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a .iro DNA into an organism so that the ONA .s 

„ ofcaWe . «r. as an ™ « iwwia „ „ sucn 

„ *. M - used. . „ — by CoMn . s.». U* 

<= ■ „,cai B9 21 10 119721; Mandal et ai.. iJacUffi!. n» 

mo , e re ™™,» l»»> « fim. is- m>mm|liJ „ csfc wU „ 0Ut W ch 

„, oth., calls «.« domain «*«.m«l b " ne,s ' ° ft 

c „ „„, r c.: L-tz 

o itfi dR7 (19781 is preferred. General aspects o. mo 

St2 456-457 p 4 399,216 issued August 16. 

10 transformations have been described by Axe. « U.S. Pat. No. OM. 

, 983 . Transformations into yeast are typify carried out ^ ^ 

Soling et a,.. ^ ™ "™ - »*" « ^ N ^^ b v nuc.ear 

3829 .1979). However, other methods for introduce ONA -mo ce.is 

inieciion or by protopiast fusion may a-ao be used. ^ ^ 

■Operabiv refers to iuxtapaa.t.on such th the 

components can be performed. Thus, a coding se,uence ^J^^^ 
sepuences refers to a configuration wherein ft. codino sequence can » * 

::r:r.=r™jr»=z~:=;. 

noosom. u l, 0 „ion at convenient restriction sues " 

laciutaie translation. Linlcna « accomphstieo »v ''(!*» . 

25 soc* sites .0 ,o. exis, ft» *** oligonucleotide AM- « — « 

a JL. .or p,. k ,„o,es. .or example. - • optionally - «"-» 

30 »1 a .fcoso.e bindino and POS»*. other as ,a, poor,, „„d.-,,o.d 

•Expression system" »•«• » DNA »=" e "" s c ' ,raii " i ' ,9 ' * 

are capable of produce the encoded ^J^^^^^ 
system may be included on a vector; however, the relevant DNA 



35 

into the host chromosome. 



e host chromosome. rt „ oah lu and all 

Ac llMd herein -cel. - "cell ««,..- and "cel. culture" are used .nterchangeablv and 
As used herein, ceii. -transformed cells" includes 

such designates include proper Thus, "transforms or transformed 
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•li- 
the initial uansformant and culture* derived therefrom without regard for the number ot 
transfers. It is also understood that all progeny may not be precisely identical in DNA 
content, due to deliberate or inadvertent mutations. Mutant progeny that have the same 
functionality as screened for in the originally transformed cell are included. Where distinct 
5 designations are intended, it will be clear from the context. 

"Plasmids" ere designated by a lower case p preceded and/or followed by capital letters 
and/or numbers. The starting plasmas herein are commercially available, are publicly 
available on an unrestricted basis, or can be constructed from such available plasmids in 
accord with published procedures. In addition, other equivalent plasmids are known In the 

10 art and will be apparent to the ordinary artisan. 

"Digestion" of DNA refers to catalytic cleavage of the DNA with an eniyme that acts 
only at specific nucleotide sequences In the ONA. Such enzymes are called restriction 
enzymes, and the sequence for which e^cH is specific is called a restriction site. The various 
restriction enzymes used herein are commercially available and their reaction conditions. 

15 cefaclors, and other requirements as established by the enzyme suppliers are used, 
Restriction enzymes commonly are designated by abbreviations composed of a capital letter 
followed by other letters representing th$ microorganism from which each restriction enzyme 
originally was obtained and then a nurnber designating the particular enzyme. In general, 
about 1 //g of plasmid or DNA fragment is used with about 1-2 units of enzyme in about 20 

20 pi of buffer solution. Appropriate buffers and substrate amounts for particular restriction 
enzymes are specified by the manufacturer. Incubation of about 1 hour at 37°C is ordinarily 
used, but may vary in accordance with the supplier's instructions. After incubation, protein 
is removed by extraction with phenol and chloroform, and the dioested nucleic acid is 
recovered from the aqueous fraction precipitation with eih&ngl. When appropriate, 

25 digestion with a restriction enzyme is followed by bacterial alkaline phosphatase-mediated 
hydrolysis of the terminal 5' phosphates to prevent the two ends of a DNA fragment from 
"circularizing." or forming a closed loop that would impede insertion of another DNA fragmant 
at the restriction site. Unless otherwise stated, digestion of plasmids is not followed by 
terminal dcphosphorylation. Procedures and reagents for dephosphorvlation are conventional 

30 (Maniaris et ai., Molecular Cloning : A Laboratory Manual (New York: Cold Spring Harbor 
Laboratory. 19821 pp. 133-1341. 

"Recovery" or "isolation" of a given fragment of DNA from a lesuiction digest means 
separation of the digest on polyacrylamlde or agarose gel by electrophoresis, Identification 
of the fragment of interes! by comparison of its mobility versus that of marker DNA 

35 fragments of known molecular weight, removal of the gel section containing the desired 
fragment, and separation of the gel from DNA. This procedure is known generally. For 
example, see R. Lawn et al., Nuclei Acicjs Res. 9: 6103-G1 14 0 981). and D. Goeddel et ai.. 
Nucleic A cids Hes. 8- 4057 11980). 
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. L i 0 a,io-r re.ers to «. P-oces, o. «-n* Phosphodies.e, bonds be,».«h 

L i 1q q-> C , //V7J n 1461. Unless Otherwise 
s.randed nucWc acid fr,«,mems IT. M.™.». * ' 982 ' 5M "' P ' ' 46 ' „, 

^.i. -v M „*, in** >*>™ - — «* ■ « 0 r£ 

T4 DNA iirjase P« 0.8 M rf approximately •«-"-'•' «"""» 01 *" 

fragments to be ligatod. ^ 1A , m . m **h.c»i 

•Prepara.ion- o, DNA from v,r».o,m.r,ts means isommo p«.mid ONA from mrcrobwl 
cultu ,e. Uniess otherwise provided. *. jr*U«OS method o. Mani.,1, e, -962. 

p. 90, may b« used. • .^♦ij,.* 

-Oiisonucleotides- are *W e. doubie- stranded polydeo.y«,cl.o,id.. 

th „ are chemica»y symhesittd by known method. Isuch ., phosphouiester. « 
onosphoramidi,. chemistry. «in 0 so.id.ph.si ««hn.<,u« such .. described I" BP Pat. Pub. 
No 266.032 published May 4. 1986. or vi. fceoxynuCeosid. H.ph..phon..e in»rm.d,.te. 
as described by Mr e, .... tetl^il^ 1* "WW "«•»• ™' V "' *" 

purified on polyecrylamide geU- ' 

The following example is intended to (Wtrate specific embodiments now known for 
practicing the invention, but the invention isW to be considered limited thereto. 

flXAlVlPLE 1 

cDNAs for BMP-2A and BMP^wert cloned from * human placental cONA library 
constructed In l.mbd. 0,10 lOHricri' et ! *<•, ^ 21* 756-761 (1985)1 using 
oiigonucleotide probes based on the hu*en Nucleotide sequence (Womey et a.., u-n- 
standard Coning techniques ISambrook efla... H,.lnr„l| .r qpnintr A < f^mry M«u»l . 
Second Ed. ,CCd Spring Harbor laboratory. (New York. 198911. The probes employed were 
as ,ol,ow, (where the initiator ATG is underlined and the direction from left to right is 6 to 
3'); 

25 pMPOA Probes 

CGACCATGGTGGCCGGGACCCGCTOTCTjTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGG 

GCGGCGCG (for 5' end) ' 

AATGAAAAGGTTGTATTAAAGAACTATCtoACATGGTTGTGGAGGGTTGTGGGTGTCGC 

(for 3' end) | 

30 BMP-2B Probes ' 

AJGATTCCTGGTAACCGAATGCTGATGCiTCGTTTTATTATGCCAAGTCCTGCTAGGAGGC 

GCGAGCCATGCTAGTTTG (for S' end) 

CAGGAGATGGTAGTAGAGGGATGTGGGTGCCGCTGAGATCAGGCAGTCCTTGAGGATAG 

ACAG (for 3* end) ! 
35 No Cones for BMP-3 were found in the human p.accnta. cDNA Horary using a similar 

approach ,o that above. Several cel, tfnesUre screened for expression of BMP-3 RNA by 
polymer™ chain reaction .mp.ifiCW.on ofW RNA .Mul.is et 8... ^ Spring ^rbor Syrpp. 
puani B:C. Si: 2G3-273 (19B6I: using otigonudeotide primers based on trie hum,n 
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...I Mm) Dne positive cell line, the NCI-H69 human small- 
miCleotlde sequence .Woiney .« P ? (1980)J waS lde nxi«ied. A 

cell lung carcinoma (Gaidar et al.. CaQCfiLfiftS.. 92- 

a „ nn , the mRNA and screened with oi.oonycleox.de probes using 
cDNA library was prepared from the mRNA 

( c am hr QO k at al The probe sequences were as follows iwnere 

standard techniques (SambrooK et ai., *w »* 

TACCCTAACATBW."" BUP.5B and BMP-3 DratMW. 

Positive lambda gtIO clone. v».re id.MHi.d to BMP-2A. BMP 2B. BMr P 

publlS hed 3,1S,es, «. -so di,e«.d -h » ^T^«. 
noa.ed with th. cDNA SUI dioes.. .ncodir,g wch 10 C,M " ,M ™ 
„RK5 bmp2a a^ pRK5.bmp2b. to, BMP* .nd BMP-2B. 

„HK 6 was ,,o di„=s,ed wHh UN and * — l.-Pe to~"» - *«- «* 
coma E.OB, d„e.t encpdinp BMP-3 « *. to-.— ■»« * ,„ 
A hum.n .mbtyonio W* «« *• «» ' G " Mm " " ' """*' ^ ''" J, 
con.luence on 60-mm pl.t.. In H»ok 11:11 medium .Gibco, com.ln,n 8 10% to* 

m (F CS and v»«t on. o, <he «r» BMP .xp.ai.lon p,»mid, b, ft. calcium 

Z^^-. **** vo,. II ,d. dove,. 0., U,,S0 «U Oxto* 
SS , Mo,e .peel-** MO - o, on. o, ,h. - B»P £ 
, M o. ONA encode the VA RNA ,en, .Thimmapp.v. « -.. C* 31; W .1 <m , «- 
dZ«d in 250 X o. 0.25 M CaCI,. Added .0 .hi. idropwi.. while vorte»,n„ «ve. 60 ». 

0 1 HEPES P» 7.3». 2B0 m M Nat,. - .5 mM N*0. «- *. - *- 

1 ,o, ,!0 mi, ., ».C. ^«t— P— - - — » ~ ~ 
allowe d ,o MM. 10, « bo., in ft. inoukato, The medium w - — =.P,, ted c* «. * 

e Is washed with 5 m, „ F.»M* .1.1.. .nd 0. 5 m, 0. 20% «~* « P—- 
I l^ sallne .PBS, was added to, 30 toe. A to- o, . m, 0, ,1:1. ~~~» 

, 0% w 0 „„ne se, U m mediu. was toptotod s., U m-ee '"^^ ™ 
cvs ,olne and me.blonine. Th. «*Vj. incub.led ,o, 2 Mr*, a, 37-C In CO « « 
Lence o. 200 „Ci,m, "S-cvsieln. A 200 ,CI,ml ••S.me.b.onlne. Then ,he c.,1 lave 
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levels oi session ,w as C-U- -* — °< ^ 

conialn.no »clivin or TCP-/* cDNA«. 3 ^ 

Conditioned medium <rom the cells tra^fected^ah BMP 2A.BM^ 

r ::r r r - - »• - - r:: :::: - 

T *. ,o„ o, *. p,.co.,o, ... *L — - — « ^ 
- „ as e „ ml „.d A„ e,p,.s Si on pi*- *4». ON. MM «. H*-*- 

r ,. 7, ..semwU ™« hyMo BMP-2A/28 construe, cod., lor 
. p,ou»n o. 400 rtr. acids. c<.n,«tin 0 0. 1-268 (torn BMP 2 

409 „, 8MP-2B. The hybrid w,s » «. " >RK6 ;'"° P i 2 h "^ 

. . „ ,h. ■» the to tne Miami, en "no ">P««"" " "" h *• 
0 removing lh« reoior, (torn .he Ball Ml. w >™ _J 

cc.spondin,, M » UgdH *»*» "» M » ' J -"* • , A 

Nu c„,„«d. ..Ou.ncin. «. di...r.U. in «. BMP-2A ..cu.oc. 

«pld .V W.-n„ « .... 0 -)* °< * - 0 « — ' t,S " Ve - * ' 

2S . . codon which ,s *™, - « * f «*«»■«. .... .TO ««-.»» - - 

, ou „d dill.r.nc. « PO.I.ioP .SO.. TP. 2a4 B in.... ..,0— » *~ ' J ' * 

MM294 c.lis .r,»..orm.d «d. «• P'.Wid .f. «- M M2 9 .,PPK 5 . W P2»-,.,, w.-. 
Zld „i,h *. « T Y p. C-f. Coii.c.ion « M=, 23. ,.» AtCC 

„ led c.». «. «t — *• - - c ' au ' e ; z X 

, he 0 ,.c.d U ,. «.sc*.d -« 4 1. .1.0.0,.- «— * 1 2 h oo . « BO C 
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• h BMP 2A (lane 1 BMP-2A/2B (lane 2). UMP-2B »..*. 3>. control 
( plasmids containing ether BMP-2A (laot 

P RK5 Placid (.ane 4,. or no p.asmid (.an, BK corre$pond in 0 to the pro 

For the hybrid, strong bands were found at 36 kO and 23 kD corresp 

• . ThP fulLlinath BMP-2A construct expressed mostly the Jb 

. :™:r;;;r:r a ::::::: « - - — « 

5 : : 2B .n, . - — - - »*> — 

.teadv enhance, e.pression o, ft. 0« —in. the BMP-2B ™,„,e dttne, «- 

- «— • wi,h "t;;;:,C' 2B — *» — - 

Biologically active recombinant Bwr « nu i«w 

„ h fmm 293 cultures fin 150-mm dishes) transiently transacted w.th 
10 conditioned medium from cultures 

rt RK* hmn2/4-1 1 and DNA encoding the VA mwh ge"« 

"X— «"» 5 " 0,n " hU ™" ' ,3 43 ,,98011 .20 * .< * •«* 

— ■ ^ e ' fve! „, .„, 

~i a t*i ThP rells were incuOateO for 24 hoars, tne nieoie wo 

.„„ ediun, M addeo. and «. «,. em seated «• — « 

( , hatve,.. a. 24. 48. end 72 hoots. _ ^ ^ ^ 

M under tne conditions ol harvesting tne BMP-2B dccumu 

200 z — — - - - ,o ; a! rr,.n v : 

, . wCnQ page eels of the conditioned medium. The protein was 
intensity of s ver-stamed SDS-PAbt geis 01 u«» v. 

^ Jes -*w, A «M- hepa,,,Sephe,ose M. ooMntn ,Pn., m .c,e, w, «e 
Qu ,,ih,„ed with 4 Murea. 20 mMTrisC, a, P* 7. Then ,h. c.ndtti.ned rn.d.m 4 M .a. 
• 25 2 „ m MT,i S C,.pH7.»,es 1 o.d,don,neco, U n,n. Tne action, 00 «, 

,.d,en, „, 0 ,0 0.5 U K3C, in 4 M .... 20 ,M Tr.sC, PH 7. One 
M ,e„.d on tne SDS-PAGE p., o. the poo,ed .tections. . ~ 

Tne ported ..action, were cdncenueted with . Ant.cn Centncon ,0 

SMU , ,0-1. , h .n di„.d .oo, ,o,o« ^ > - *> - e - ^ 

30 ntateria, was ioeded onto a H- ~ «« ^J, "... 

0 ,o 0.3 M N.C. ..edien. 130 n,l, in 4 M ur... 20 mM T„,. pH 7. « 

oooied. end defined ,0 to - «% - ^ S.S-PAG,. Tne ^ 

dialed ..ains, 0, M acetic acd. ivOP«ed. and ,«d,se.,ved in i mi of 0. 1 M .ce„c acd- 
tn ce es - - « — 0 coio^n . 1U „e we S „d S ed — 
3S addition,, HaC po,i„c.„on step *ved P * - - 

( ,ec„on S ,0. ,ne Mono-0 coi^n ditect, » . Wdac C4 

Tne »P L C ccomn w, S e.uted * a 30-n,, ptedien, o, 0 to 40^ ^ 
...ootoecetic ecid. Tn, poo,ed .net. -on, « tni-d step -as •» 
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as iud 0 ed by SDS gel electrophoresis. Th.s material was lvophili*ed and redisso.ved as 
described above. Final yield of punlied mature BMP-28 was de.ermined by quanntative amino 
acd analysis; the preparat-on with the three steps vie.ded 10 „g/li,er ol conditioned medium, 
or approximately 5% overall based on SOS gel analysis. 

N-terminal amino acid sequencing of the purified mature 8MP-2B showed a single 
am.no terminal sequence beginning at residue 285 of BMP-2A/2B (residue 294 of BMP-28) 
Sequence data was collected for 18 cycles, and matched exactly that shown underfed in 
Fig. 3B. No minor sequence was observed. The prominent 36-Kd band observed in the SDS 
OH of the transited supernatants was identified as the pro reg,on by amino terming 
sequencing after transfer to PVDV membranes. Cleavage of the signa. sequence between 
residues 23 and 24 I...ILGGAAGILVPELGRRKFAAA) was as predicted by the weight matr.x 
method of von Heijne. .Noel. A c ,d Res . . 144: 683-690 (1986). No cieavage at the nearby 
RRK sequence was observed. 

Recombinant BMP-2B is a d.sullide-linked dimer. as shown by a decrease in apparent 
mo.ecu.ar weight on SDS ge. electrophoresis from 33 Kd in the absence of reductants to 23 
Kd » the presence of reductants. BMP-2B has two consensus sites for N-g.ycosy.ation. 

The HPLCpurified recombinant 6MP-2B was tested in the bone form a t,on assay of 
Redd, and Sampath. along w,;h JQF-fi and a control. In th.s assay the imp.ants placed 

•mo rats were 25 m 9 demoralised bone powder ,DBP) or 25 m a guanid.ne-HC.-extracted 
DSP reconstituted with 0. 0.5. 2.0. or 6.0 „ of the purified recombinant BMP-2B or 1 « 
recom bl n,n« mature human TGF-* (U.S. P„. No. 4.886.747 issued December 12. 1989) 
The ,mp,ants were harvested a, 12 days, and the calcium content (Fig. 5A, was measured 
by atomic absorption spectrophotometry and the alkaline phosphatase content (Fig. 5B) was 
measured by hydrolysis of p-nitropheny, phosphate. Duplicate experiments of the 0 5 and 
2.0 doses of BMP-2B indicated by sol,d and cross-hatched bars in Fig. 5 were performed 

A significant increase in calcium content (even over DBP. which contains some BMP) 
was seen with the 2 „ dose of BMP-2B. while the 0.5 m dose was sufficient ,o increase 
alkali* phosphatase. After a 1 2-day harvest, implants of guanidine-HCl-extracted DBP alone 
or reconstituted with 1 n 0 f purified recombinant BMP-2B were fixed and mounted without 
decalcification. Three-micron sections were cut and stained with haematoxyi.n and eosin 
M.croscopic examination o, these stained sections showed abundant bone formation in 
-plants reconstauted with BMP-28 as indicated by the presence of calcium deposits 
Implants reconstituted with vehicle alone did not form bone. 

A construct 0 f the BMP- 2 A p,odomain with the BMP-3 mature reg.on prepared as 
desenbed above (by replacng tne smal, Ball to fcftadlll fragment of P RK5.bmp2a with the 
corresponding gajl-Hindlll foment from pRK5.bmp3. was trans.ected ,n,o 293 cells as 
descr.bed above. ,n th.s case. ,he expression (eve. was no better than the express.on levels 
of the nanve prosequences f 0 , BMP- 2A and BMP-3. This experiment shows that the BMP-2A 
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prodomain does not improve express.qn levels of every member of tho entire BMP family, but 
rather is effective in enhancing expression of DNA encoding the BMP-2 family 

The ability of the heterologous precursor region to improve secretion of the biolog»callv 
active dimer may reflect a preference of the 3MP-2A precursor region for the BMP-2B mature 
5 growth factor sequence. It certainly indicates the importance of the precursor region in 
proper expression and folding of the biologically active mature dimer form In the BMP-2 
family. 

Deposit of Materials 

The following culture has been deposited with the American Type Culture Collection. 
10 12301 ParMawn Drive, Rockville, MD. USA (ATCC): 

Strain ATCC Deo. No. Oeposh; pptt 

MM294/pRK5.bmp2/4.1.1 68.330 May 23, 1090 

This deposit was made under the provisions of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the Purpose of Patent Procedure and tho 
1 5 Regulations thereunder (Budapest Treaty!. This assures maintenance of a viable culture tor 
30 years from the date of deposit. The organism will bo made available by ATCC under the 
terms of the Budapest Treaty, and subject to an agreement between Gcncntcch. Inc. and 
ATCC. which assures permanent and unrestricted availability of the progeny of the culture 
to the public upon issuance of the pertinent ;U.S. patent or upon laying open to the public of 
20 any U.S. or foreign patent application, whichever comes first, end assures availability of the 
progeny to one determined by the U.S. Commissioner of Patents and Trademarks to be 
entitled thereto according to 3D USC H 22 and the Commissioner's rules pursuant thereto > 
{including 37 CFR §1.14 with particular reference to 886 OG 638). 

In respect of those designations in which a European patent is sought, a sample of tho 
20 deposited microorganism will be made available until the publication of the mention of the 
grant of the European patent or until the date on which the application has been refused or 
withdrawn or is deemed to be withdrawn, only by the issue of such a sample to an expert 
nominated by the person requesting the sample. (Rule 28(4) CPCi 

The assignee of the present application has agreed that if the culture on deposit should 
30 die or be lost or destroyed when cultivated under suitable conditions, it will be promptly 
replaced on notification with a viable specimen of the same culture. Availability of the 
deposited strain is not to be construed as a license to practice the invention in contravention 
of the rights granted under the authority of any government in accordance w.th its patent 
laws. 

3S The foregoing written specification is considered to be sufficient to enable one skilled 

m the art to practice the invention. The present invention is not to be limited in scope by the 
construct deposited, since the deposited embodiment is intended as a single illustration of one 
aspect of the invention and any constructs that are functionally equ.valent arc with.n the 
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scope Of this invention. The deposit o< material herein docs not confute an admission that 
the written description herein contained is Inadequate to enable the practice of any aspect 
of the invention, including the best mode thereof, nor is it to be construed as limiting the 
,co P e of the claims to the specific illustration that it represents. Indeed, various 
modifications of the invention in addition tc those shown and described herein will become 
apparent to those skilled in the an from the foregoing description and fall within the scope 
of the appended claims. 
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SFOUENCE LISTING 

(1) GENERAL INFORMATION: 

(i. ) APPLICANT: GENEl'TECK , INC, 
(ii) TITLE OP INVENTION! Mammalian Express ion of the BMP-2 Family 
(iii) NUMBER OF SEQUENCES: 12 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE t Cenantach, Inc. 

(B) STREET; 460 Point San Brvno Blvd 

(C) CJTYi South San Franci&co 
15 (D) STATE: California 

(E> COUNTRY x USA 
(T) ZIP* 940B0 

(V) COMPUTER READABLE FORM: 
20 (A) MEDIUM TYPE i inch, 360 Kb Uvppy disk 

(0) COMPUTER; IBM PC compatible 
(C) OPERATING SYSTEM i PC-DOS/KS-DOS 
(D> SOFTWARE: patm <Cenentechj 

25 (vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

30 (vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER; U.S. Ser. No* 07/526,300 

(B) FILING DATE; 24 May 1*90 

(viii) ATTORNEY /AGENT INFORMATIONS 
35 (A) NAME: Haeak. Jane*. E. 

(B) REGISTRATION NUMBER: 2$, OK 
(C> REFERENCE /DOCKET NUKBSR: 023 

<U) TELECOMMUNICATION INFORMATION : 
40 <A) TELEPHONE: 415/266-1896 

( B ) TELEFAX: 415/952-98B1 

(C) TELEX: 910/371-7165 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 63 bases 

(B) TVPE: nucleic atjc 

(C) STRANDEDNESS: fs ingle 
50 (DJ TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO;l: 
55 CCACCATGCT CCCCGCGACC CGCTOTCTTC TAGCGTTGCT GCTTCCCCAG 50 

GTCCTCCTCG CCGGCGCG 6S 



45 



60 



(2) INFORMATION FOR SEQ ID NO: 5: 

<i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6C bases 
(Bj TYPE: nurleic arid 
(C) STRA!:DEDr;ES3: Sinolo 
(Di TOPOLOGY: linear. 
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<xi) SEQUENCE DESCRIPTION i SEQ ID NOiS: 

AATGAAAAGC TTCTATTAAA GAACTATCAG CACATCGTTG TGGAGCGT7C 50 

TGCCTCTCGC 60 

(2) INFORMATION FOR SEQ ID NO:3i 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH i 76 baaee 
15 (B) TYPE i nucloic acid 

(C) 6TRANDEDNESS : Bingla 

(D) TOPOLOGY ! linear 

<xi) SEQUENCE DESCRIPTION: SEQ Xt> NO: 3: 

20 

ATCATTCCTG GTAACCGAAT GCTGATGGTC GTTT-'ATTAT CCCAAGTCCT 50 
25 GCTAGGAGCC CCGAGCCATG CTAGTTTG 7& 



30 



45 



(2) INFORMATION FOR SEQ ID NO: 4: 



(t) SEQUENCE CHARACTERISTICS: 

(A) LENGTH? 03 base© 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
35 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
40 CAGGAGATGG TAGTAGACGG ATCTGCCTCC CGCTGAGATC ACCCAGTCCT 50 

TGAGCATAGA CAG £3 



(2) INFORMATION FOR SEQ ID NO: 5: 



(i) SEQUENCE CHARACTERISTICS: 
SO (A) LENGTH: 50 ba»ee 

{ B) TYPE: nucleic acid 
(Cj STRANDEDNESS: single 
(D J TO POLOGY : linear 

55 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 



ACTCTCCCGC ACCCACGCCG CGACCCCACG CGCCCCGCGG GTACCTAGCC 50 

60 

{2) INFORMATION FOP. SEQ ID !.*O:0t 

<i) SEQUENCE CHARACTERISTICS: 
65 (A) LENGTH: SO basee 

( Q ) TYPE: nucleic acid 
(C) STRAHDEDNEESt sjr.nle 
<D) TOPOLOGY: lines:: 
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(Xi> SEQUENCE DESCRIPTION: SEQ ID t;0:6: 

TACCCTAACA TGACACTAGA GTCTTGCGCT TCCAGATAAC CTGGCAAAGA SO 

5 

(2) INFORMATION FOR SEQ ID NO:?: 

10 <i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acicje 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

15 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO; 7; 

Leu Leu Cly Cly Ala Ala cly Lev* Val Pro Glu Lau Gly Arg Arg 
15 10 15 

20 Lye The Ala Ala Ala 

20 

(2) INFORMATION FOR SEQ ID NO;Bs 

25 <i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 396 amino acids 

(B) TYPS: amino acid 
(0) TOPOLOGY: linear 

30 (xi) SEQUENCE DESCRIPTION; SEQ ID NO;0: 

Met Val Ala Cly Thr Arg Cye Leu Leu Ala Leu Leu Leu Pro Gin 
15 10 15 

35 Val Leu Leu Gly Gly Ala Ala Gly Leu Val Pro Glu Leu Gly Arg 

20 25 30 



40 



55 



Arg Lyg Phe Ala Ala Alp Ser Ser G^y Arg Pre Ser Ser Glr. Pro 

2b 40 45 

Ser Aep Git; Val Leu Ser Glu Phe Glu Leu Arg Leu Leu Ser Met 

50 55 60 



Phe Cly Leu Lye Gin Arg Pro Thr pro ser Arg A3p Ala Val Val 

45 £5 *>0 75 

Pro Pro Tyr Met Leu Asp Leu Tyr Arg Arg His Ser Gly Gin Pro 

80 85 90 

50 Cly $©r Pro Ala Pro Asp His Arg Leu Clu Arg Ala Ala Ser Arg 

95 100 105 



Ala Aen Thr Val Arg Ser Phe Hia Hie Glu Glu Ser Leu Glu Clu 

110 115 120 

Leu Pro clu Thr Sor Cly Lye Thr Thr Arg Arg Phe Phe Phe A Bn 

125 130 135 



Leu Ser Ser He Pro Thr Glu Glu; Phe He Thr Ser Al* Clu Lev 

60 140 145 150 

Gin Val Phe Arg Clu Gin Met Gin Asp Ale Leu Cly Asn Asn Ser 

155 160 165 

65 ser Phe Hie Hio Arg He Asn lie Tyr Glu He lie Lyt- Pro Ala 

HO 17= 1£0 

Thr Ma her. Ser Lvf. Phc Pre Veil Thr Ser leu Leu Kzz Tr.r Arc 
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ICS 19C 

Leo Val A*r. Gin Asn Ala Ser Ars Trp Clu Ser Phs Acp Vol Thr 
200 20b 210 

5 

t» ro Ala Val Met Arc Trp Thr Ala Gin Cly His Ala Asn Hie Cly 
2\l 220 225 

Phe Val Val Clu Val Ala His Leu Olu Glu Ly& Gin Giy Val Ser 
10 230 230 2*0 

Ly* Arg His Vol Arg lie Ser Arg Ser Leu His Cln Acp Glu Hie 
245 250 2" 

Ser Trp ser Clr. lie Ara Pre Leu Leu Val Thr Phe Cly His Asp 
260 265 270 

Olv Lvs Oly Hia Pro Leu His Lye Arg Clu Lyo Arg Gin Ala Lys 
^ ' 7 275 280 28& 

His Lys Gin Arg Lys Arcj Leu Lys Ser Ser Cys Lya Arg Hie Pro 
290 295 300 

Leu Tyr Val Aep Phe Ser Asp Val Cly Trp Aon Asp Trp He Val 
305 310 315 

Ala Pro Pro Gly Tyr His Ala Phe Tyr Cyc His Cly Clu Cye Pro 
y £ 0 325 330 

Phe Pro Lfeu Ala Asp His Leu Acn Ser Thr Asn H;fi Ala Ho Val 
335 3^0 345 

Gin Thr Leu Val Asn Ser Vol Acr ; Scr Lys lie Pro Lys Ala Cys 
350 355 360 

Cye Val Pro Thr Glu Leu Ser Aj« lie Ser Me*. Leu Tyr Leu Aep 
365 370 3^& 

Glu Aan Glu Lys Val Val Ley Lys A sr. Tyr Gin Asp Met Val Val 
40 380 365 390 

Gly Glv Cye Cly Cys Arcj 
395 39t 

45 (2) INFORMATION FOR SEQ 10 NOt9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 405 amine acid* 

( B ) TVPE: amino acid 
50 (0) TOPOLOGY; linear 

(xi) SEQUENCE DESCRIPTION: SEQ !lD NO:9: 

Meu Ilet Pro Gly Asn Arg Met. Lye Met Val Val Leu Leu Cys Gin 
! 5 10 

Val Leu Leu Gly Gly Ala Ser His Ala Ser Leu lie Pro Clu Thr 
2C 25 30 

Gly Ly 8 Lys Lys Val Ala Glu 11c- Oln Gly Kis Ala Gly Gly Arg 
35 40 45 

Arg Ser Gly Gin Ser His Clu Lvc Lyc Arg Asp Phe Clu Ala Thr 
50 55 60 

Leu Leu Gin Met Phe Gly Lc-.: Arcs .Arc Arg Pre- Gin Pre Ser Lys 
c5 70 7n 



15 



20 



25 



30 



35 



55 



60 



65 
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ser AU v.i lie Pro A* K Tyr Mot Arg Acp Leu Tyr Arg Leo Gin 
Ser Gly Olu Olu Clu clu Glu Gin He His Ser Tnr Cly Leu Clu 
Tyr Pro Olu Arg Pro Ala ser Arg Ala Aan Thr Val Arg Ser Phe. 

10 Hie Hi. Clu Glu Hie Leu Glu A*n lie Pro Gly Thr Ser olu Aen 

125 ^ 

Ser Ala Phe Arg Phe Leu Phe A*n Leu Scr Ser He Pre Clu Aen 



15 



30 



45 



60 



140 

Olu Val lie Ser Ser Ala Glu Leu Arg Leu Phe Arg Clu Gin Val 

155 160 

Aop Gin Cly Pro Aep Tr P Glu xrg Gly Phe Hi. Arg lie Aen lie 

Tyr Clu val Met Lys Pro Pro Ala Clu Val Val Pro Cly HiB Leu 

IftD 190 

25 lie Thr Arg Leu Leu Abo Tin Arg Leu Val »Us Hie Aon Val Thr 

200 * 05 



Arg Trp Glu Thr Phe Aep Val Ser Pro Ala Val Leu Arg Trp Thr 
Arg Clu Lys Gin Pro Aen Tyr Gly Leu Ma Sl» Clu val Thr HI. 



23C 



Leu H>e Gin Thr Arg Thr His Cln Gly Gin His Val Arg lie Ser 
35 245 25° 

Arg Ser Leu Pro Gin Gly Ser Gly Asn Aen Ala Gin Leu Arg Pro 

260 * /w 

40 Leu Leu Val Thr Phe Gly 8»e A.p Gly Arg Cly Hi. Ala Lev Thr 



27 



Arg Arg Arg Arg AU Ly. Arg Ser Pro Lyc His His Ser. Gin Arg 



29: 



Ala Arg tyo Lvb Aen Lys Asn Cy» A«F Arg Hie ser Leu Tyr Val 



30 



Asp Phe ser Aap Val Gly Trp Asn Aep Trp lie Val Ala Pro Pro 

50 320 325 330 

Gly Tyr Gin Ala Phe Tyr Cy* Mia Oiy Aap Cys Pro Phe Pro Leu 

335. 3*0 

55 Ala Asp Hi* L«. A.n Ser Thr Aen Hie Ala He Val Gin Thr Leu 

Val Asn Ser val Aen Ser ser lie Pro Lyc Ala eye Cya val Pro 

365 370 

Thr Gin Lou Ser Aia He Ser Me~. loo Tyr Leu Aap Glu Tyr A.p 

380 36s ■ }vo 

Lya val Val Leu Lys As, Tyr Oln Gin Met Val V & 1 Olu Gly Cy. 

39i 400 qua 

Gly Cvs Arg 

40* 
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WHAT IS CLAIMED IS: 

1 A DNA construe, comprising ON A encoding, a mat- BMP-2 upstream of wh.ch s 
encoding • precursor portion Of a mamrnaUan protein other than m.t of 

2 The DNA construe, of claim 1 wherein the BMP-2 Is human BMP-2. 

3 The DNA construct of c.aim 2 wherein the BMP-2 .. human BMP-28- 
The DNA construct o« e».m 1 wherein the precursor portion comprise a s.gna. 

sequence. _ n 

5 The DNA construct of claim 1 where* the precursor portion Has ,t least 25* am,no 
ac id sequence identity ,o the native precursor portion of the BMP-2 from the N- 
terminus of the BMP-2 precursor to the first cysteine residue in the mature rcg.on of 

tho BMP-2. OMP0 

6 The DNA construe, of Cairn 5 wherein the precursor por„on is from a different BMP-2. 

7 . The DNA construct of daim 6 where* the mature BMP-2 ,s matore BMP-2B and the 
precursor portion is from BMP-2A. 

8 . The DNA construct of claim 7 wherein ,ne BMP-2A and BMP-2B are human BMPs- 

9 . An expression vector compr.s.ng the DNA construct of da.m 1 . 

10. An expression vector comprising, the DNA construct of claim 6. 

11. An expression vector comprise the DNA construct of claim 7. 

12. The expression vector of claim 11 that is P RKS.bmp2.'4.l .1 • 

13. A mammalian host transformed with'iha expression vector of claim 9. 

14. A mammal.an host transformed with the expression vector of claim 10- 

15. A mammalian host transformed wth the express-on vector of da.m 1 1 
16 A mammalian host transformed with the expression vector pf el..m 12 

17. An £. CP/r host transformed w.» the express.on vector of c.,m 12 deposited as ATCC 
No- 68.330 

. i rKa1 lC a nqn 0f Chinese hamster overy cell line. 

18 The host oi claim 1 J that ■$ a «J » r ^" H,CM 

1S ' ,n a method for expressing, DNA encoding a BMP-2 in mammalian ell., th. 
improvement which comprises emptying as the host the host of c.a.m 13. 

20 In a method for express.ng DNA encoding a BMP-2 in mamma.ian cells, the 
improvement which comprises employing as the host the host of ca.rn 14. 

21 ,n a method for expressing DNA encodino 3 BMP-2 in mammalian ceils, the 
improvement which comprises employing as the host the host of claim 1 5. 

nKlfi oArnrimo mature BMP-2B in mammalian cells, the 

22 in a method lor expressino DMA encod.ng mature d. 

improvement which comprises emoloy.ng as the host the host of claim 16. 
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